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Abstract 
The countryside public bathrooms use the solar energy as power it will be profitable on both the environment and the 
economy. This paper has used Polysun software as the tool for simulation of countryside public bathrooms heating 
systems performance. Performing a parametric study and to meet a given minimum solar fraction with the lowest cost. 
Finding optimal operating conditions for the system.  
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1.  Introduction 
In china there are a few public bathrooms in the countryside. In winter it’s a difficult thing for farmers 
to take a bath. Build public bathrooms in the countryside, it will speed up the construction of the new 
countryside. There are many energy sources can provide the power for these public bathrooms. But the fast 
developing China is now facing serious energy and environment challenges, such as high public health 
costs from severe air pollution arising mainly from coal combustion, energy security concerns over 
growing oil imports for transportation, limited domestic supply capabilities(even coal) within a few 
decades.[9]
Solar energy is abundant and clean. More than two-thirds of areas in China receive annual total 
radiation above 6000MJ/m2 with more than 2200h of sunshine. Solar energy, therefore, has an important 
role to play in the building energy system. If these public bathrooms use the solar energy as power it will 
be profitable on both the environment and the economy. 
In China since 1980, solar water collectors have underdone a rapid development with an annual 
average growth of 30%. Currently, solar water heaters have accounted for about 10% market of the water 
heating devices. There is still a great market potential for solar water heaters in China[8].
Solar heating systems in the public bathrooms are similar to solar water heaters in the collection of 
solar energy and the transport of the heat produced to the storage device. But the heating systems in public 
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bathrooms at least supply heat to the two heat consumers, the solar collectors deliver heat as long as solar 
power is available, and the auxiliary energy source supplies the missing solar power. The key challenge for 
us creating a heating system in public bathrooms is how to combine the different requirement of heat 
suppliers and heat consumers into one single, cost-effective, durable and reliable heating system, achieving 
the most benefit from each installed square meter of collectors [6].
This paper has designed the appropriate solar heating system as public bathrooms system. Used 
Polysun as the tool for simulation of this systems performance. Performing a parametric study and to meet 
a given minimum solar fraction with the lowest cost. We selected the environment of  Shenyang as 
boundary conditions. 
2. Construction of  solar  heating  system  
A combination of solar heating and biofuel system (figure 1) is common in some countries. The storage 
tank is used both when burning wood (and using electricity) and for the solar heating. The storage tank 
allows a longer combustion period each time the boiler is lit, thus increasing the efficiency and the life of 
the boiler, especially in smaller systems[7].
So there are two circuits in the solar heating systems. One is collector circuit consist of storage tank and 
collector. The other is hot water circuit.   
A.  Collector circuit 
The collector circuit usually has an antifreeze/water mixture as the heat transfer fluid. A heat exchanger 
is therefore required for heat transfer to the store. The input to the collector should always be as cold as 
possible, in order to keep its efficiency high. Therefore the connecting tube to the collector is mounted at 
the bottom of store, where the coldest water is. The height of the input from the collector into the store 
varies with different applications. In order to minimize heat loss, the distance from the collector to the tank 
should be as short as possible. The solar circulation pump has to be able to guarantee the rate of flow in 
collector circuit. A heat exchanger transfers the heat from the fluid in the solar loop to the heat store 
without mixing the fluids. Two kinds of heat exchangers are used, finned-coils internal heat exchanger and 
flat-plate external heat exchange. There are two kinds of system which classified by the flow rate. One is 
high-flow system with flow in the collector circuit of approximately 50 liters per hour per square meter of 
collector surface. Another is the low-flow system with a specific collector flow of 10-15 liters per hour per 
square meter of collector surface[3].
B. Hot water circuit  
The hot water circuit needs most often the highest temperature of the combisystem (50-60 °C). 
Therefore it located at the top of the tank. The fresh water (or the water from a heat exchanger for hot 
water-production) is always the coldest part and therefore located at the bottom. The volume heated by the 
auxiliary must big enough to guarantee than all demands of hot water   can be met. 
C. Solar Heating Systems For Public Bathrooms 
According to the function of solar heating system Figure 1 as a common systems can be selected as 
public bathrooms in our simulation, which using the program Polysun to optimize it. In the system there is 
a single hot water store with external heat exchanger for which is used in collector circuit and apart from 
solar heat exchanger. Because the external heat exchanger of collector circuit was used in the system, both 
the low-flow and high-flow can be chosen in the system. Ernst Schweizer Elementkollektor and Soltop 
Cobra are selected as the high-flow collector and low-flow collector separately to correspond to the 
demand of design[4].
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Figure1. Solar Heating System 
3. Solar  fraction  
For a solar heating system, we use the solar fraction to determine its energy efficiency[5]. The solar 
fraction is the portion of the total conventional heating load (delivered energy and tank standby losses). 
The higher the solar fraction, the greater the solar contribution to water heating, which reduces the energy 
required by the backup water heater. The solar fraction SF has been defined (Equ.1) as in Polysun, by: 
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Where aux
Q
 is the yearly auxiliary energy for the electric heater and the solar pump. sol
Q
 is the solar 
energy delivered to the tank. This definition implies that the losses in the hot water circulation are 
considered as part of the load and that the heat losses from the store are attributed to both solar and 
auxiliary[2].
To find a reasonable solar fraction for a solar heating system for domestic hot water with an evenly 
distributed load over the year the following equation can be used (Equ.2): 
average monthly horizontal solar radiation 
SF
maximum monthly horizontal solar radiation
 
            (2) 
The equation takes in to account how the solar radiation is distributed over the year. According to the 
climate data of Shenyang we can calculate the solar fraction for Shenyang is 47%. 
4. Boundary  Conditions  
An existing public bathrooms in Shenyang of China has selected as an example. According to yearly 
average water temperature, the temperature of the cold mains water was assumed to be equal to the 
undisturbed ground temperature, which for most locations is equal to the yearly average outdoor air 
temperature. Ignore the fluctuations of the water temperature associated with the time of the year. Daily hot 
water load is chosen to meet the standard requirement in China. The number of persons to use hot water is 
estimated as 25 and a normal load of 40 liters per capita for the people is applied. The tilt and orientation of 
installed solar collector and dimension of the pipes are determined by the architectural construction of 
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building. The heat loss coefficient for circulation is calculated from the circulation pipe length, diameter 
and insulation of 0.04 W/m-K. High-flow rate or low-flow rate can be selected in the collect circuit system, 
which depended on the type of heat exchanger, and the flow rate of water in collect circuit is 40l/h or 15I/h 
per m2 of collector area. [1].
5. Simulation  and  Optimize 
To design the cheapest cost of solar hot water system, it is necessary to study the factors which will 
influence the performance and the cost of system. For each of system, five main factors which affected the 
cost of system were researched and optimized, which was the collector area, store size and its 
corresponding auxiliary heating volume, insulation thickness, heat exchanger which used in collector 
circuit (solar heat exchanger) and heat exchanger which used in hot water circuit(hot water heat exchanger). 
For external solar heat exchanger system, the high-flow system and low-flow system were discussed to 
compare their performance with each other. For low flow system, the different types of stratification 
technology with heat exchanger in collector circuit were compared with each other. In additional, the 
system was compared with each other under demand of design which are the ‘proportion of time for hot 
water over 55 °C’ is greater than 98% and the ‘solar fraction’ is reached 47%.  
The cost functions based on the price of product in Sweden , which are 
System cost =collector cost +store cost +insulation cost  
+heat exchanger cost +other cost                 (3) 
where 
The cost of the components = fixed cost + unit cost*number of units. 
D. The influence of components size for system 
The parametric study in one system shows how altering the sizes of different components affect the 
thermal performance and costs of the system. The simulation result of system for high-flow was selected as 
an example to be shown as Fig.2 to Fig.5. For these figures, the solar fraction is gained directly from the 
energy balance report of software Polysun. The system cost is calculated based on the cost function. 
ƸQsave/Ƹcost is the increase in energy saving for a given added investment for the parameter increase. 
The higher this value the better the added cost benefit for the system for a given increase in parameter 
value. 
Fig.2 shows the influence of collect size on solar fraction and system cost. The bigger the collector size 
the higher the solar fraction. The collector size should be more than 23.4 m2 (9 modules) to satisfy the 
demand of design. The system cost is higher when the collect size is larger. ƸQsave/Ƹcost is lower when 
the solar size is increased. 
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Figure. 2   influence of collect size on solar fraction and system cost (Simulation condition: Store size is 2000L; Auxiliary heating
volume is 667L; Store height is 2m; Insulation thickness is 100m; transfer power of collector heat exchanger is 2000W/K; transfer
power of DHW heat exchanger is 6800 W/K) 
Fig.3 shows the influence of solar store volume on solar fraction and system cost. The bigger the solar 
store volume, the higher the solar fraction. But if the store volume is more than 1500 L, the solar fraction 
increases very slowly, even that the solar fraction is reduced when the store volume is much bigger (more 
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than 2500l). The system cost is higher when the solar store volume is bigger. ƸQsave/Ƹcost is rapidly 
decreased when the solar volume increases. It means the solar volume shouldn’t be bigger. 
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Figure. 3   influence of solar store volume on solar fraction and system cost (Simulation condition: Collector area is 26 m2; Store 
height is 2m; Insulation thickness is 100m; transfer power of collector heat exchanger is 2000W/K; transfer power of DHW heat 
exchanger is 6800 W/K) 
Fig.4 shows the influence of solar store insulation thickness on solar fraction and system cost. The 
thicker the solar store insulation thickness, the higher the solar fraction. But if the solar store insulation 
thickness is more than 60 mm, the solar fraction increases slowly. The system cost is higher when the solar 
store insulation thickness is larger. ƸQsave/Ƹcost is rapidly decreased when the solar store insulation 
thickness increases. It also means the solar store insulation thickness shouldn’t be thicker. 
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Figure. 4   influence of solar store insulation thickness on solar fraction and system cost (Simulation condition: Collector area is 26 
m2; Store size is 2000L; Auxiliary heating volume is 667L; Store height is 2m; transfer power of collector heat exchanger is 
2000W/K; transfer power of DHW heat exchanger is 6800 W/K) 
Fig.5 shows the influence of transfer power of collect heat exchanger on solar fraction and system cost. 
The bigger the transfer power of collect heat exchanger, the higher the solar fraction. But if the transfer 
power of heat exchanger is more than 1200 W/K, the solar fraction increases very slightly. The system cost 
is higher when the transfer power of collect heat exchanger is bigger. ƸQsave/Ƹcost is rapidly decreased 
when the transfer power of collect heat exchange is increase. It also means the transfer power of collect 
heat exchange shouldn’t be larger. 
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Fig. 5  influence of transfer power of collect heat exchanger on solar fraction and system cost (Simulation condition: Collector area 
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is 26 m2; Store size is 2000L; Auxiliary heating volume is 667L; Store height is 2m; Insulation thickness is 100m; transfer power of 
DHW heat exchanger is 6800 W/K) 
Depending on simulation results above, each parameter is combined together and optimized them to get 
the lowest cost which is shown as below (Tableĉ ).  
Figure 2 to 5 and table 2 can show these influences of varied components size when designing system. 
Collector size is the most prominent factor need to be considered which can not only affect the change of 
SF effectively, but also is the most expensive components in system. The store volume and solar store 
insulation thickness are also expensive components in systems, and the insulation thickness unit is a little 
bit more expensive than store volume unit. The SF is not always increased continuing obviously, which 
accompanied with the increasing of store volume or insulation thickness, When the critical value of store 
volume or the insulation thickness is reached, the SF will rise very slowly. Comparing the transfer power 
of collector heat exchanger and hot water heat exchanger, the influence of cost for the system is similar, of 
which are not more expensive components comparing with above factors. 
E. The compare of High-flow system and low-flow system 
Based on above simulation and optimized method, the different low-flow technologies was selected 
used in system which is simulated and optimized again. The new results which also compared with high-
flow system are shown as below (Table Ċ)
It can be seen from tableĊ that if external heat exchanged in collector circuit is used, low-flow system 
is cheaper than high-flow system under the same type system, which reason is the smaller collector size is 
enough used to satisfy the demand of designing. For different design technology are used in low-flow 
system, the cost of stratification unit system is cheaper than others stratification tube systems. 
6. Conclusion  
Solar heating systems which used a single store with an external heat exchanger in collector circuit for 
public bathrooms system is the best plan. 
The collector size is the most important component to affect the investment of the total system. 
The second is the store insulation thickness which should be more than 60 mm according to the 
manufacturing technology.  
The third is the store volume and the last one is the transfer power of heat exchanger.  
If the low-flow technology can be used in the collector circuit, the investment is cheaper comparing 
with high-flow system. 
In addition, some of parameters such as height of auxiliary heating temperature setting for the auxiliary 
heated part of the store, connecting heights for the collector heat exchanger, flow rate in collector circuit, 
which do not affect the cost of the system directly, but affects the solar fraction significantly. In the further, 
we will focus on the influence of these parameters when designing system. 
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TABLEĉ      The optimized result of system 
SF Qaux Collector Solar Store Auxiliary Heat Store Insulation 
Collector
Heat Exch. 
Total System Cost 
[%] [kWh] Area [m2] Size [l] Volume [l] Height [m] Thickness [mm] W/K [kr] 
52.9% 11773 18.2 1500 625 2.00 20 600 93254 
54.2% 10845 18.2 1200 600 2.00 40 600 90546 
54.1% 10523 15.6 2000 667 2.00 120 2100 100168 
54.5% 10585 18.2 1200 600 2.00 60 500 91364 
54.8% 10750 18.2 1500 625 2.00 40 500 94127 
54.4% 10585 18.2 1200 600 2.00 60 500 91364 
TableĊ    the performance of low flow(constant inlet high)  for system 
SF Qaux Collector Solar Store 
Auxiliary
Heat 
Store Insulation 
Collector
Heat Exch. 
Total System Cost 
[%] [kWh] Area [m2] Size [l] Volume [l] Height [m] Thickness [mm] W/K [kr] 
53.4% 11049 16.2 1500 625 2.00 40 600 75022 
54.2% 10666 16.2 1500 625 2.00 60 600 76049 
53.2% 10646 14.2 2000 667 2.00 160 3000 81982 
54.5% 10585 16.2 1200 600 2.00 60 800 75144 
54.2% 10844 16.2 1200 600 2.00 40 1500 74882 
54.2% 10879 16.2 1500 625 2.00 40 800 75207 
